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Abstract 
During the operation of Xiangjiaba Hydropower Station, the unsteady flow released from the Station’s daily 
regulation will exert influence on the channel condition of near-dam reach (Shuifu-Yibin river stretch). Based on the 
channel regulation scheme, a two-dimensional flow mathematical model is applied to simulate flow movement of the 
33km downstream reach. It primarily analyzes the influence of daily regulation on the channel improvement from 
Shuifu to Yibin. The result shows that release wave will increase the navigation depth in low flow. Channel velocity 
V, water surface slope J and parameter VJ in rising stage are larger than that of the same water level in steady 
condition. When the Station discharges flow, transverse velocity in meander channel varies dramatically, increasing 
the difficulty of ship navigation. 
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1. Introduction 
Shuifu-Yibin reach is located in the downstream of Jinshajiang River for about 30km in length, and 
Xiangjiaba Hydropower Station is 3km upstream from Shuifu Harbor. The Station finished damming off 
in December, 2008. The first hydropower unit is projected to generate power in 2012. The downstream of 
Yibin is injected by Minjiang River. It is estimated that there are 13 navigation-obstruction rapids and 
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shoals in the reach, the present channel classes rank IV, maintenance dimensions V [1]. “The Yangtze 
River Waterway Development Plan” [1] proposed to extend the mainstream of Yangtze River from Yibin 
to Shuifu Harbor, the waterway from Shuifu to Yibin will be raised to III for sailing 1000t cargo ship, and 
the channel dimensions are 2.7m × 60m × 560m. 
The operation of Xiangjiaba Hydropower Station in the upstream will be bound to change the 
channel’s natural flow condition below dam, especially the impact on waterway condition near-dam reach 
(Shuifu-Yibin), exerted by unsteady flow released from the daily regulation. Wang et al. [2] had 
conducted an one-dimensional mathematical simulation for 145km in the downstream from Xiangjiaba 
Hydropower Station, and also analyzed the propagation principles of unsteady flow. In addition, Cao et al. 
[3-6] had conducted physical model test of Heshangyan rapids group which is about 6.5~14.5km in the 
downstream of Xiangjiaba Station, and studied unsteady water-sediment characteristics in the 
downstream as well. According to their research, the maximum water surface slope of release wave 
increases with the discharge rate of variation, and is irrelevant to the discharge amplitude of variation, 
unsteady sediment transport rate is greater than steady sediment transport rate. They also confirmed that 
regulation scheme of Heshangyan rapids group adapts to the Station’s release wave. Besides, Ji et al. [7] 
calculated the effect of unsteady flow of the power station in the upstream of Hanjing River on channel 
depth. In short, the topography of near-dam reach in Xiangjiaba Hydropower Station is rather 
complicated, one-dimensional mathematical simulation cannot reveal the influence of unsteady flow on 
the regulation effect, while the physical model of partial rapids reach cannot reflect the mutual influence 
of regulation both in the upstream and downstream. Therefore, it is necessary to have an overall study on 
the waterway flow condition of near-dam reach. This article sets up a two-dimensional flow mathematical 
model to simulate flow movement of the 33km river reach in the downstream of Xiangjiaba Hydropower 
Station, and primarily analyzes the influence on near-dam waterway flow condition by daily regulation 
release wave. 
2. Description of the study reach and Station 
2.1.  Overview of Shuifu-Yibin river stretch 
The river reach from Shuifu to Yibin covers 30km with an average surface slope of 0.27%. The stream 
bed is mainly composed of bedrock or sand-pebble, and can fall into the category the raw river without 
any systematic regulation in the history. The branch of Hengjiang River converges in the upstream and 
Minjiang River injects in the downstream. There are 13 rapids and shoals, Fig. 1, with an average distance 
of 2.3km in the river reach[8], characterized by rapidity, shoal and hazard, especially Niupi rapids (NPR), 
Heshangyan rapids (HSYR), Zhanqiao rapids (ZQR), Shuimi rapids (SMR), Tongzilin rapids (TZLR) and 
Daxue rapids (DXR). These rapids and shoals are complicated, obstructing navigation and increasing the 
difficulty of regulation. 
 
Fig. 1. Rapids and shoals in Shuifu-Yibin river reach 
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2.2.  Description of Xiangjiaba Hydropower Station 
Xiangjiaba Hydropower Station is the last cascade in the downstream cascade development of 
Jinshajiang River. The dame site lies at 3km upstream Shuifu Harbor which is at the boundary of Sichuan 
and Yunnan Province. It is 157km to Xiluodu Hydropower Station in the upstream, and 1.5km to the 
Shuifu County, 33km to Yibin City in the downstream. The normal reservoir level of the station is 380m, 
dead level 370m, reservoir area 95.6 km2, total reservoir capacity 5.163 billion m3, backwater length 
156.6km，controlled drainage area 458,800km2. It is considered as ravine type reservoir and occupies 
97% of the total basin area of Jinshajiang River. There are two types of typical daily regulation operating 
mode in low flow stages [9] (Fig. 2), operating mode I is the most disadvantageous guaranteed output in 
the design low flow years under the condition that hour amplitude of water level below the dam is less 
than 1.0m/h, and operating mode II is the mean annual output of each month in low flow stages. Thus, 
daily regulation discharge range of Xiangjiaba Hydropower Station changes greatly (1200~5589m3/s), 
and the maximum amplitude is 4.66, there is one peak flow (18: 00~19: 00) in 24 hours, the load of the 
station decreases from 24:00 to 6:00am in the following day, correspondingly the release discharge is at 
the bottom during the whole day. The mean hour rate of variation of daily regulation operating mode I in 
rising and falling stage are 351.12m3/s/h and 836m3/s/h respectively. 
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Fig. 2. Daily regulation hydrographs of Xiangjiaba Hydropower Station 
3. Two-dimensional flow mathematical model set-up and verification 
The model adopts the 1:3000 underwater topography data (from Xiangjiaba to Hejiangmen in Yibin) 
measured in March, 2008, with the total length 33km. The computational grid is made up of structureless 
triangular grid unit. The size of the grid unit along the flow direction is generally 30m, perpendicular to 
the flow direction 28m. The grid of key rapids section is made denser, with 10m in each direction. The 
total amount of computational grid nodes is about 44,890, the total units about 86,625. The model uses 
the finite volume method for solving. The roughness of the model’s main pool is 0.025 ~ 0.029, and the 
roughness of shoal or point bar side is 0.032 ~ 0.05. 
The model is verified with field data during low, flood and average flow periods of steady and 
unsteady flow[10], and the result shows that the verification of water-level, velocity correspond to the 
filed data, and the model can simulate the flow motion law in the downstream of Xiangjiaba Station. 
4. Shuifu-Yibin channel regulation affected by release wave from Xiangjiba Hydropower Station 
4.1. Overview of channel regulation scheme 
Based on the channel regulation design scheme, it calculates waterway flow conditions on different 
steady discharges, and modifies the scheme from the aspects of channel water depth and navigation flow 
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improvements, and finally puts forward the recommended scheme of channel regulation. The regulation 
measures include reef explosion, dredge, dike and channel realignment in the rapids and shoals.  
On the basis of the recommended scheme, it also evaluates the influence on the channel regulation 
effect by the unsteady flow released from the Station’s daily regulation. 
4.2. Propagation characteristics of unsteady flow within the studied reach 
From the perspective unfavorable to channel flow condition, the operating mode I, whose minimum 
discharge is at the lowest and maximum at the highest, is chosen to simulate its process of daily 
regulation discharge flow. Meanwhile, the discharge from branch of Hengjiang River is considered as 
50m3/s, and the lower boundary of the model is provided by the one-dimensional mathematical model 
from Xiangjiaba to Luzhou reach [11]. 
 After the Station’s operation, since the discharge flow amplitude become larger, release wave 
contributes to the remarkable changes in hydraulic parameters while propagating downstream, especially 
in the near-dam reach, where the influence of unsteady flow is more evident. 
4.2.1.  Water level propagation characteristics 
During the operation of Xiangjiaba Station, the water level from Shuifu to Yibin becomes flatting (Fig. 
3), the water level variation in Niupi rapids near the Station is correspond to the hydrograph of the release 
wave, showing the shape of steps. The step-like changes in river reach gradually disappear and become 
flatting along with the unsteady flow moving to the downstream. The water level hour amplitude of each 
rapids reach is no more than 1m, the maximum water level hour amplitude appears in Niupi rapids when 
the station discharges the maximum flow. As the release wave propagates to the downstream, water level 
gradually flattens and the maximum water level hour amplitude slowly decreases. 
Through further analysis of water level varies in amplitude along the mid-channel under daily 
regulation (Fig. 4), as the daily regulation wave propagates downstream, water level amplitude 
streamwise declines in general. However, the amplitude increases due to the impact of topography in 
Mapibao rapids(MPBR) reach, and then it decreases again except in some rapids and shoals, such as 
Zhanqiao rapids(ZQR), Shuimi rapids(SMR) and Daxue rapids(DXR) where the amplitude increases due 
to the action of terrain. According to statistics, daily water level amplitude is between 3.28m and 5.16m, 
and the maximum daily level amplitude of variation is 5.16m below the dam. 
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Fig. 3. Water level variation with the release wave (left)                     
 Fig. 4. Variation of water level amplitude (right) 
4.2.2. Discharge propagation characteristics and stage-discharge relation 
Since daily regulation release wave is affected streamwise by friction and channel storage, the 
maximum discharge below the dam decreases while the minimum discharge increases, so the flow 
amplitude decreases (Fig. 5). Under the operating mode I, the maximum discharge is 5589m3/s, and the 
minimum 1200m3/s. When flow reaches Yibin, 30km away from the dam in the downstream, the 
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maximum flow declines to 4734.6m3/s, whereas the minimum flow increases to 1347.6 m3/s. Discharge 
rate of variation falls to 3387m3/s in Yibin from 4389m3/s, and the average flow amplitude decreases at 
the rate of 33.4m3/s/km. 
When release wave propagates downstream, variations of water level and discharge are not 
synchronous, which can be obtained from the stage-discharge relationship (Fig. 6). Normally, for the river 
reach where variations of flow rate are gentle, its rating curve displays single-valued cure. When 
influenced by the strong unsteadiness of daily regulation wave, the rating curve shows anticlockwise 
looped curve (Fig. 6), that is, discharge attains its maximum value before the level peak appears, which is 
non-synchronous and reflected in the following: at the same discharge, water level in rising limb is lower 
than that in falling limb, and discharge capacity in rising limb is greater than that in falling limb at the 
same water level. Level and discharge hydrograph of Niupi rapids is directly influenced by release wave, 
and its rating curve is step-like looped rating. The looped rating curve is relatively wide due to the great 
unsteadiness. As the unsteady discharge wave propagates down, the wave loses its power, and the steps 
vanish. Simultaneously, looped rating curve becomes narrow and tends to be in a steady state. 
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Fig. 5. Discharge variation (left)                                                           
Fig. 6. Variation of stage-discharge relation (right) 
4.3. Influence of daily regulation unsteady flow on Shuifu-Yibin channel regulation 
Based on the propagation characteristics of Station’s daily regulation wave in Shuifu-Yibin river reach, 
it is clear that hydraulic parameters such as water level, flow velocity, or discharge in the near-dam reach 
change markedly. Channel flow condition is greatly affected by the unsteady flow, especially in the reach 
near the Station, which is quite different from the steady flow. 
4.3.1. Design water level and channel depth 
The river bed below Xiangjiaba mainly consists of bedrock, the water level descend caused by bed 
erosion is not apparent, the design water level is mainly affected by discharge hydrograph. During the 
process of release wave propagating forward, the maximum flow declines streamwise while the minimum 
increases, which makes the lowest water level under the daily regulation of the Station higher than design 
water level (Fig. 7), which is calculated under condition of steady flow (Station 1200 m3/s and Hengjiang 
River 50m3/s). For the river reach from Niupi rapids(NPR) to Zhanqiao rapids(ZQR), the raising of water 
level is less than 0.05m, while the raising water level of Suimi rapids(SMR) to the head of Daxue 
rapids(DXR) and DXR reach are 0.05~0.1m and 0.1~0.23m respectively. The raising level of Xiaoxue 
rapids (XXR) reach is up to 0.25~0.41m. Therefore, from the viewpoint of low flow navigation depth, the 
unsteady discharge flow of the Station is beneficial to the raising of navigation depth. The surplus depth 
changes little near the Station, but rises significantly with the increase of discharge far away from the 
Station. After the implementation of Shuifu-Yibin channel regulation scheme, the minimum water depth 
along the channel can meet the requirement of 2.9m when Xiangjiaba Hydropower Station daily 
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regulation is put into use (Fig. 8). 
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Fig. 7. Design water level (unsteady vs. steady flow) (left)                    
Fig. 8. Minimum depth under daily regulation (right) 
4.3.2.  Channel flow velocity 
From the variation of mid-channel velocity at different times during the operation of Xiangjiaba 
Hydropower Station (Fig. 9), the flow velocity increases at the rising stage. The streamwise maximum 
channel velocity is less than 3.5m/s normally. Partial navigation reaches of Mapibao rapids(MPBR) and 
Xiaoxue rapids(XXR) emerge large velocity region of 3.5m/s, mainly during the time period of maximum 
discharge (18: 00~19: 00, 5589m3/s) of the Station. Along the waterway, the maximum velocity is 
1.37~3.71m/s, the minimum 0.31~2.69m/s, and the average 0.81~3.15m/s. Water level and velocity is 
non-synchronous as well during the rising and falling limb of release wave, and the corresponding stage-
velocity shows anticlockwise looped curve (Fig. 10). At the same water level, channel velocity in rising 
stage is larger than falling stage. Generally, the closer the flow to the Station, the stronger the 
unsteadiness, the wider the looped curve, and the greater the gap between the rising and falling limb. The 
velocity in rising period is larger than that in steady flow condition. Along with the propagation of 
unsteady release wave to the downstream, the unsteadiness is reduced, the looped curve is narrowed and 
the water flow tends to become steady. 
In the process of daily regulation, the maximum transverse velocity in the channel primarily appears in 
the period of maximum discharge flow (Fig. 11). The transverse velocity in partial navigation reach 
(mainly locates at meander channel) and some period exceeds 0.5m/s, but its length is no more than the 
length of the ship, so the vessel can pass through lateral flow region safely. Channel velocity goes up and 
down with the rising and falling of hydrograph, the variation of lateral flow is gentle normally, while in 
the meander channel, e.g. Heshangyan rapids (HSYR), Zhanqiao rapids (ZQR), and so on, the flow 
direction frequently changes because of the flow rise and fall, leading to the obvious changes of 
transverse velocity (Fig. 12), which increases the difficulty of ship navigation. 
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Fig. 9. Variation of mid-channel velocity      (left)                                        
Fig. 10. Water level-channel velocity relation (right) 
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Fig. 11. Variation of channel transverse velocity     (left)                             
Fig. 12. Variation of transverse velocity with time (right) 
4.3.3. Water surface slope 
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Fig. 13. Variation of average water surface slope in partial rapids reaches 
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Fig. 14. Water level-channel slope relation   (left)                                            
Fig. 15. Water level-channel VJ relation (right) 
When the Station’s daily regulation release wave moves downstream, the water surface slope is not 
only related to the characteristics of rapids and shoals (the water slope of low water rapids is large in 
small discharge condition, while that of average and flood rapids is steep in large discharge condition), 
but also relevant to the Station’s discharge hydrograph (Fig. 13). Since water level changes are not 
synchronous at the front and end of the rapids reach, water surface slope is obviously influenced by the 
unsteady flow, reflected in the following: when the discharge increases and the release wave move 
forward, water surface slope soars with flow increase rapidly, and then restores to the original discharge-
slope relation; when the discharge decreases markedly and recession wave move forward, water surface 
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slope plunges, and then restores to the original discharge-slope relation again. The Variation of water 
surface slope in rapids reach corresponds to the changes of discharge. Similarly, water level and water 
surface slope relationship appears anticlockwise looped curve (Fig. 14), i.e., at the same water level, 
water surface slope in the rising stage is steeper than that in the falling stage. 
In the Station’s unsteady discharge process, upbound vessels not only need to overcome the flow 
resistance, but also the ship gravity. At the same water level, channel velocity and water surface slope in 
rising period are larger than those in falling period, which will increase upstream resistance of vessels and 
difficulty of navigation in rising period. A further analysis of the Station’s daily regulation indicates that 
the parameter VJ (channel velocity V multiply water surface slope J) varies with the unsteady release 
wave (Fig. 15). The relationship of water level and VJ also shows anticlockwise looped curve, and VJ in 
rising limb is larger than that in falling limb and that in steady flow, adding to the upbound difficulty of 
vessels. According to calculation, the channel velocity and water surface slope is comparatively large 
during the peak discharge in partial navigation reach of Mapibao rapids (MPBR) and Daxue rapids 
(DXR), but can meet the requirements of vessel navigation. 
5.  Conclusion 
The operation of Xiangjiaba Hydropower Station will exert influence on the channel flow condition 
below the dam from Shuifu to Yibin. On the basis of Shuifu-Yibin channel regulation scheme, using a 2-
D flow mathematical model of 33km river reach, the influence of unsteady flow on the Shuifu-Yibin 
channel regulation is calculated and analyzed. The main conclusions are listed as following: 
(1) During the operation of Xiangjiaba Hydropower Station, daily regulation release wave gradually 
flattens as it propagates downstream, the amplitude of water level shows a falling trend, but it climbs in 
some rapids reach (Mapibao rapids, Zhanqiao rapids, Suimi rapids and Daxue rapids) as the impact of 
topography. 
(2) Release wave is affected by factors like friction and channel storage, the minimum discharge below 
the dam increases, which makes the minimum water level higher than that in steady flow. When the 
operating mode I is running, water level in river reach below the dam from Suimi rapids to Xiaoxue 
rapids enhances by 0.05~0.41m when compared to that in steady flow, which is beneficial to raise 
navigation depth. 
(3) When release wave from Xiangjiaba Hydropower Station spreads downward, the hydraulic 
parameters in Shuifu-Yibin river reach such as water level, discharge, channel velocity and water surface 
slope do not synchronize. Stage-discharge (Z-Q), stage-channel velocity (Z-V) and stage-slope (Z-J) 
relationship show anticlockwise looped curve. The unsteadiness of Niupi rapids (NPR) is much larger, so 
the loop is wider, and the downstream loop becomes narrower and tends to become steady. The flow 
direction in meander channel varies constantly, and transverse velocity in the channel changes 
accordingly, increasing the navigation difficulty.   
(4) In the process of the Station’s daily regulation, stage-VJ (Z-VJ) relationship also demonstrates 
anticlockwise looped curve. Parameter VJ in rising limb is larger than that in falling limb and enhances 
the hardships of vessel’s upbound navigation. 
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